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Ught-transmissive screen co-operates with the image pro- 
ducing unit and the projection lens to image the views at die 
screen. The screen may comprise a Fresnel lens, or where a 
magnified image of increased angular spread is required, a 
double lenticular screen angular an^liiier. 
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THREE-DIMENSIONAL PROJECTION 
DISPLAY APPARATUS 

The present invention relates to a three-dimensioDal (3D) 
projectioa display apparatus. 

FIG. 1 of the accompanying drawings shows a Imown 
UigSfsofeeii 3D display comprising a plurality of projectors 
1, each of which projects an image rqjresenting a two- 
dimensional (2D) view. The output light beams of the 
projectors I are directed to an auto-collLmating lenticular 
array 3. The 2D views are imaged at the array 3 and the light 
beams from the projectors are directed in different directions 
by the array 3 such that each eye of an observer 4 sees a 
different 2D view across the whole of the array 3, thus 
aeating an autostereoscopic 3D image. Similar displays are 
disclosed in: **Survcy of three dimensional television", 
James E Butterfield, page 40 Proc, SPIE vol, 212 Optics and 
Photonics Applied to Three Dimensional Imagery (1979); 
and **Electronic Registration for an Autostereoscopic Len- 
ticular 3D TV on a CRT: An equivalent of a Varifocal lens 
for an electronic 3D display*", M. Okada, J. Hamasaki, S. 
Utsunomiya, O. Takeuchi First International Symposium on 
3D Images (Paris 26-28 Sq)., 1991). 

A display of this type can provide a large 3D image, for 
instance of about 1 meter diagonal size, but requires a 
relatively large number of projectors in order to provide an 
acceptable number of 2D views. Such a display is therefore 
prohibitively bulky and expensive. Further, without the use 

expensive anamorphic ctHrecting optics in the projectors 

I, such a display suffers from keystone distortioos between 
the projected images. Alternatively, real time electronic 
ctHrection for keystone distortions may be necessary. 

Another known type of projection 3D display uses a 
single projector con^siog a light source, a spatial light 
modulator (SLNf), and a projection lens. A plurality of 
spatially imiltiplexed 2D views is formed by the SLM and 
projected via the projection lens on to a lenticular screen. 
However, in order to provide a large display with an 
adequate number of 2D views, the SLM is required to 
proyidR a spatially multiplexed image having a resolution 
which is greater than can be provided by currently available 
devices. Further^ very accurate control of registration of the 
images with respect to the lenticular screen is required 
which* in turn» requires a very well corrected projection lens. 
A similar type oi system is disclosed in "SO inch autoste- 
reoscopic full colour 3D TV display system", Isono, Yasuda, 
TakemcHi. Kanayama, Yamada & Qiiba, page 176 Proc 
SPIE vol. 1669 Stereoscopic Displays and Applications m 
(1992). 

FIG. 2 of the accompanying drawings shows another 
known type of 3D autostereoscopic projection display com- 
prising a cathode ray tube 8, a projection lens 9, a liquid 
crystal display (LCD) shutter 10* and a Fresnel lens IL *The 
Design and Evaluation of a CRT based Autostereoscopic 3D 
Display", A. R. L. TYavis, S. R. Lang, Proc. SID vol. 32/4, 
1991. A ten^Knally multqplexed image is provided on the 
screen of the cathode ray tube 8 and is imaged by projection 
lens 9 via Ae LCD shutter 10 on to the surface of the Presnel 
lens 11. The temporally multiplexed image comprises a 
plurality of 2D views displayed in sequence on the screen of 
the tube 8. The shutter 10 provides a plurality of laterally 
displaced and sequentially transparent regions for control- 
ling the directions in which the 2D views are visible to an 
observer. The shutter 10 is disposed as dose to the projection 
lens 9 as possible and in the focal plane of the Fresnel lens 

II, so that coUimated light is imaged from each point in the 
shutter plane by the lens 11. However, this type of display 
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is c^ble of providing only a limited size of image and a 
limited field of view. 

GB 85 1 4(K discloses a stereo viewer in which an optical 
system is provided for permitting two transparencies cany- 
5 ing Icft-cyc and right-eye views to be seen by the left and 
right eyes, respectively, of an observer. Various techniques 
are described for enabling the left and right Images corre- 
sponding to the left and right views to overlap at an image 
plane fonned by a field lens. One such technique involves 
10 the use of a lens to control the overlapping of the images. 

EP-A-O 309 630 discloses an arrangement in which the 
images from two halves of an object are imaged via different 
optical paths into one eye of an observer. 

WO 88/08146 discloses an arrangement in which several 
IS display elements are imaged by an optical system to produce 
real intennediate images. A magnifying lens produces a real 
image of field diaphragms in the field of vision of an 
observer. 

U.S. Pat No. 4,756,601 discloses a display in which 
20 images from a pair of cathode ray tubes are focused by 
lenses to form real images at a plane intermediate the lenses 
and a mirror. The images are then projected towards an 
observer by a common optical system coir^nsicg a concave 
mirror and a lens. 
25 According to tiie invention, ttiere is provided a 3D 
projection display apparatus as defined in the appended 
claim 1. 

I^eferred embodiments of the invention are defined in 
the other appended claims. 

30 It is thus possible to provide a 3D projection display 
^^uratus which is capable of fvoviding full colour or 
monochrome still or moving autostereoscopic images hav- 
ing a relatively large size and with an adequate number of 
views to provide an acceptable 3D image. Such an af^iarams 

35 may be used for 3D television, 3D con^uter aided design 
and gn^hics, 3D medical imaging, virtual reality, and com- 
puter games. Also, such a display may be used to provide 
projection of hard copy from a con^ter poipheral full 
colour 3D printer. It is farther possible to increase the image 

40 size of the 3D display while maintaining the required 
angular separation of the output views of the apparatus. This 
may be achieved with a single relatively low aperture 
projection lens. 

It is also possible to provide a large size 3D display with 

45 a large field of view using a single projection lens of 
relatively small output numerical aperture. Such a display 
does not require an optical shutter. The use of a single lens 
to project an autostereoscopic display reduces the cost, 
conoplexity, and case of alignment of the optical system. The 

50 lower complexity compared with equivalent known systems 
makes the present invention more suitable for the projection 
of a larger number of views, thus improving the quality of 
the 3D display obtained. 

Where an angular anq)lifying screen is provided, a larger 

ss degree offrcedomof movement of die observer is permitted. 
This allows several observers to view the 3D image. Also, 
the display may be readily ad£q)ted to track the position of 
at least one observer so as to allow an even greater degree 
of movemcot while still being able to see an autostereo- 

60 scopic 3D image. 

As mentioned hereinbefore, known projection displays 
may suffo* from keystone distortions or other image distor- 
tions in the plane of the screen. In the absence of expensive 
anamorphic conecting optics or complex electronic correo- 

65 tion of images, keystone distortion may be at least partially 
corrected by offsetting SLMs with respect to the axes of the 
projection lenses, for instance in systems of the type shown 


05/27/2004, EAST Version: 1,4.1 


5,703,717 

3 4 

in FIG. 1. Such <tf setting causes a reduction in Ihc image To illustrate the jMroWem, if the LCD size is 50 

quality. However* such problems are avoided with the millimeters, wilh a 5:1 magnification by a 80 millimeter 

present invention because there is no need for keystone focal length projection lens of aperture f/1. 9, then the Image 

distortion coircction. distance of the projection lens is 480 millimeters and the 

The present Invention will be further described, by way 5 ou^ut numerical ^>crture a/2 is 2.5 degrees. For four 2D 

of cxanmle, wifli reference to &C accompanying drawings, views and a separation of the views at the observer of 65 

which: millimeters, the obscarver wiU see a 3D image of size 250 

FIGS. 1 and 2 illustrate respective known types of millimeters at a distance of qjproximately 3,000 naillimctcrs 

projection autostereoscopic 3D displays; and from the screen. This would be an unaccq)table viewing 

FIGS. 3 to 12 arc diagrammatic cross-sectional views of lo distance for this image size. 
3D displays constituting a first to ninth embodiments, The 3D display shown in FIG. 4 overcomes tius problem 
respectively, of the invention. by using a double lenticular screen angular amplifier 33 as 
The 3D autostereoscopic display shown in FIG. 3 com- the output screen in place of the Frcsnel lens 29. Also, the 
prises a beam combiner display 20 in which 2D views are beam combiner display is shown as having two illuminators 
combined by means of a beam flitter 21. One or more 15 22 and two illuminators 25 for providing four 2D views. 
iUuminators 22 illuminate a SLM 23 via a lens 24 to provide The double lenticular screen angular amplifier 33 is of a 
one or more 2D views which are transmitted through the similar type to an airangcment disclosed in GB 541 753 and 
beam splitter 21. Similariy, one or more iUuminatcffS 25 by Hurley and Stevens in an article entitled "Hie formation 
illuminate a SLM 26 via a lens 27 to supply one or more 2D of Integral Images by Af ocal Pairs of Lens Arrays ("Super- 
views which are reflected by the beam spHttcr 21 in such a 20 UnsesT. page 147 lOP Short Meetings No. 30, 1st May, 
way that toe view provided by the SLMs 23 and 26 are 1992. The angular an5)lifi« 33 comprises a first lenticular 
spatiaUymultmlcxed.ForthepuiposesofiUustrationinnG. array 34 having a focal length fl arranged to image each of 
3, a smglc illuminator 22 and a single illuminator 25 arc the iUuminators 22 and 25 at a plane difiuscr 35. The images 
^Q^j^ are re-imaged by a second lenticular array 36 having a focal 
The output light beams from the beam combiner display 25 lengtfi f2 whidi is less than fl. The shorter focal length of 
20 are imaged by a projection lens 28 and suppUod to an the second lenticular array results in the angular qjread of 
outout screen in the form a fresnel lens 29. Two imaging the views being increased, so that the separation of the 2D 
processes take place in the display. In accordance with the views at the observer is increased and a reasonable angular 
first imaging process, each of the iUuminators 22 and 25 is spread is obtained. The aperture of the projections lens 28 
imaged into a sq>arate position, shown at 30, in the aperture 30 may thercf otc be reduced whUe maintaining the approprute 
cf the projection lens 28. The images of the iUuminatOTs are separation <rf views at the observer, 
re-imaged by the ftesnel lens 29 to form an image 31 of the Continuing the previously described numerical example, 
illuminators at an observer located at a defined image the ou^ numerical apatute of the projection lens 28 in 
distance from the Frcsnel lens 29. FIG. 4 may be 2.5 degrees. For an observer distance from the 
In accordance with the second imaging process, the 2D 35 screen of 1,000 noiUimctcrs and with four views with a 
images formed on the SLMs 23 and 26 arc imaged by the spacing between adjacent views of 65 millimeters, a total 
projection lens 28 onto a front surface of the Frcsnel lens 29. ou^t angular spread from the angular amplifier 33 of 15 
Thus a different 2D view will be seen by tije eyes of an degrees is required. A lenticular screen havmg a ratio n:fZ 
observer when located at fee images 31 of the iUuminatOTS of focal lengths equal to approximately 3:1 and with the 
22 and 25 The image wiU appear in the plane of the Ftesnd 4o Imiscs having substantially the same pitch would achieve 
jgjjj 29 this. For instance, fl may be 5.7 millimeters andf2niaybe 
By imaging the iUuminators at different positions in the 1.9 millimeters. The size of the image ci Ae lens aperture 
aperture of the projection lens 28, the need for a shutter is behind each lenticular element (assuming a refractive index 
diminated, thus siiiq>lifying the dismay conned, for of 1,5) is approximately 0^ millimeters, which defines^ 
instance with the display shown in FIG, 2. A relatively large 45 minimum lenticular pitch. The pixel sizes for a 500x500 
displayed image can be provided utilising SLMs of readUy pixel display at the 250 millinftetcr image jHojccted on to the 
available type with acceptable resolution. Although FIG. 3 angular element 33 is 0.5 miUinwto-s. Thus, It is possible to 
iUustrates a dispUy in which only two 2D views are pro- provide a 3D display of large size providing a large mag- 
vided to form the 3D image, additional views can readily be nification and large angular spread of 2D views, 
provided. For instance, further beam splitters may be pro- so Anotha advantage provided by the use of the angular 
vided with additional iUuminators, lenses, and SLMs. amplifier 33 is that a relatively large central lobe ic. 
Alternatively, as mentioned hereinbefore, several iUumina- subtending a relatively large angle at the angular anq)lifiex 
tors may be provided for each SLM witii the iUuminatOTS 33, is provided, thus aUowing greater freedom of xnove^ 
being iUuminated one at a time and supplying Ugbt in of the observer. In addition, tiie iUuminators 22 and 25 may 
respective different directions, with different 2D views being 55 be made latexaUy movable and means provided f<y tracking 
prwidcd in sequence by eadi SLM, so as to provide the position of one or more observers. The Urge oentrallobe 
temporal multiplexing of the 2D views. Beam combiner provides the possibiUty of naore than one observer being 
dis^ys tiiis type are, for instance, disclosed in EP-A-O able to view tiic display and tfic prov^ion of observer 
602 934 based on British Patent AppUcation No. 92262714. tracking faciUties may aUow even greater freedom of move- 
Using the Rrcsnel lens 29 as tiie ou^t saeen of the 60 ment . ^ ^ ^ . ^ 
display, the angular spread of views is Umitcd by tiie output TTie 3D display shown m HG. 5 differs from that shown 
numerical aperture of tiie projection lens 28, If a laige lnnG.4inthatafiddlens37of tiicFrcsnd typeisprovidcd 
magnification of tiic images produced by tiie SLMs is adjacent tiie angular ampUfier 33 on tiie side ttiereof facing 
required, then tiic output numerical aperture has to be tiie projection lens 28. The field lens 37 is arranged to image 
reduced, ttius limiting tiie range of angles avaflable. It is 65 tiie ray bundles in tiic appropnatc directions on to tiie 
neneraUy impractical to use very large projection lenses of angular amplifier 33 such tfiat, for each particular source, a 
sufficient imaging quaUty because of the expense. single image is generated by tiie angular awphfymg screen 
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at the observer plane. Although sudi an arrangement may be 
provided without a field lens by controlling the relative pitch 
of the lenticular screens 34 and 36,' the manufacturing 
tol^anoes required to achieve this are veiy tight. The same 
result can be achieved with the Fresnd field lens 37 with the 
position and focal length thereof suitably adjusted and such 
an arrangement requires lower manufacturing tolerances. 

The display shown in FIG. 6 differs from that shown in 
FIG. 4 in that the beam combiner display 20 is replaced by 
a temporally multiplexed display. The tempoially multi- 
plexed display cotnqiriscs contiguous illuminatGrs 22 which 
illuminate a fast switching SLM 23 via a lens 24 to provide 
two tempc^ally muitq>lexed 2D views. First and second 2D 
views are alternately displayed by the SLM 23 in synchro- 
nism with illumination of first and second of the 
illuminators, respectively. 

The display shown in FIG. 7 differs from that shown in 
HG. 4 in that tiie beam combiner display is r^laced by a 
spatially multiplexed display. The spatially nuiltiplexed dis- 
play comi>rises a viewpoint corrected lenticular saeen 42 
disposed on the surface of a SLM 23 b the form of a liquid 
crystal device (LCD). The LCD displays spatially multi- 
plexed 2D images such that strips of the images are inter- 
laced in groups with each ffovp aligned with a respective 
lenticule of the screen 42. The LCD 23 is suitably 
illuminated, for instance by a diffuse light source (not 
shown). 

The display shown in FIG. 8 differs from that shown in 
FIG. 4 in that (he beam combiner display is replaced by 
Hiuminators 22, a lens 24» and a hybrid sandwich di^lay 44. 
The display 44 is of the type disclosed in European Patent 
AppUcation No. 93303590.9 pubUshed as EP-A-0 570 179 
and for instance comprises an input lenticular screen, an 
SLM, a difiiiser, and an ou^Hit lenticular screen. The display 
44 provides both spatially and tenq>ora]ly multiplexed 2D 
views. 

The display shown in FIG. 9 differs from that shown in 
FIG. 3 in that the fresnel lens 29 is rq>laced by an angular 
amplifier 33 and the projection lens 28 is replaced by first 
and second projection lenses 2^ and 286. The lens 28a is 
disposed between the beam si^tter 21 and the SLM 23 
whereas the lens 286 is disposed t>etween the beam splitter 
21 and the SLM 26, 

As shown in FIG. 10, the projection display may be used 
to project a printed image. The printed image composes a 
lenticular screen 40 on which is printed a view point 
codtected image con^Trising spatial multiplexed 2D views, 
for instance produced by means of the tediniques disclosed 
in GB 9222346.0 and EP-A-0 596 629 (EP 93308447.7). By 
suitably illuminating from the back or the front the lenticular 
screen 40, the image is projected on to tiic angular amplifier 
33. 

The projection display shown in FIG. 11 comprises a 
beam combiner display 20 and projection lens 28 which are 
of the type shown in HG. 3 and which will not be described 
further. The display of FIG. 11 differs from the previous 
displays io that the light transmitting screens in the fonns of 
the Fresnel 29 and angular amplifier 33 are replaced by a 
reflective arrangement in the form of a direction preserving 
screen 50. The screen 50 comprises a lenticular saeen 51 
having a rear diffusing surface 52. The t>cam combiner 
display 20 may be r^laced by any other suitable type of 
display, such as one of the types shown in the otho^ 
drawings. 

In use, the beam combiner display 20 Images into a 
higher order lobe of the lenticular saeen 51 with observa- 
tioD in the zeroth lobe. However, other modes may be used. 
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For instance, the beam combiner display 20 and the projec- 
tion lens 28 may t>e disposed above the viewing zone 31 so 
that vertical diffusion at the diffusing surface 52 allows 
observation of tibe 3D image. 
5 The direction preserving saeen 50 may be flat or curved 
as described by R. BomeTf ^Trogress in Pro,^ction of Par- 
allax Panoramagrams onto ^de Angle Lenticular Screens'*, 
page 35» SFDS vol. 761 *Tme 3D Imaging Techniques and 
Display Txhnologies** (1987). The use of die beam com- 
ic biner display 20 can simplify reflective mode projection 
displays by rq>lacing the plurality of projectors used in 
known systems and hence reducing problems with **key- 
stone** distortion. 

The display shown in FIG. 13 differs from that shown in 
IS FIG. 5 in that the diffuser 35 is omitted, the lenticular saeen 
36 is replaced by a lenticular saeen 60 comprising optically 
diverging elements* and a further field carrectioD lens 61 is 
provided on the opposite side of the angular aiiq)lifying 
screen 33 from the first field correction lens 37. Although 
20 two field correction lenses 37 and 61 are shown in FIG. 12, 
it is possible to use a single field cosxection element, such as 
a single lens. Each lens of the saeen 34 cooperates with the 
cocresponding lens of the screen 60 to form a Galilean 
telescope, so that the angular amplifia 33 shown in FIG. 12 
25 effectively functions in the same way as the angular ampli- 
fier 33 of HG. 5. 

The image plane of the lenticular saeen 34 coincides 
with the object plane of the lenticular saeen 60, these 
coincident planes being disposed to the right of the screen 60 
30 in FIG. 12. Thus, the focal length of the diverging lenses of 
the screen 60 is less than the focal length of the converging 
lenses of the saeen 34. 
What is claimed is: 

1. A three-dimensional projection display ^aratus, com- 
35 prising autostaeoscopic image producing means for direct- 
ing light beams corresponding to respective views In diffa- 
ent directions, further comprising at least one projection lens 
co-operating with the autostaeoscopic image producing 
means to image the light beams at respective different 

40 regions in the ^)erture of the projection lens, and a light- 
transmissive or light-refiective screen coKiperating with the 
autostaeoscopic image producing means and the projection 
lens to image the views at the saeen. 

2. An apparatus as claimed in claim 1, wherein the saeen 
45 coTopdsts a converging lens. 

3. An ^aratus as claimed in claim 2, wherein the 
converging lens is a Fresnel lens. 

4. An iqyparams as claimed in claim 1, wbaein the saeen 
comprises: a diffiiser, a first array of converging lenses 

50 disposed on a first side of the diffuser for receiving li^t 
from the at least one projection lens; and a second array of 
converging lenses disposed on a second side of die diffusa, 
the converging lenses of the second array having a focal 
length less than that of the converging lenses of the first 

55 array. 

5. An a|;^>aratus as claimed in claim 1, whaein the saeen 
con^nises: a first array of convaging lenses for receiving 
light from the at least one projection lens; a second array of 
diverging lenses having a feed length less than that of the 

60 converging lenses of the first array; and a field correction 
element 

6. An apparatus as claimed in claim 4, wherein each of the 
first and second arrays comprises a lenticular screen com- 
jnising cylindrical lenticules. 

65 7. An apparatus as claimed in claim 5. wherein each of the 
first and second anays comprises a lenticular screen com- 
prising cylindrical lenticules. 
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8. An apparatus as claimed in daini4, wherein a field lens 16. An ^aratus as dainied in claim 11, wherein the at 
is disposed between the projection lens and the first array. least one spatial light modnlatnr is arranged to di^lay 

9. An apparatus as claimed in daun wherein the field tcmpofally multiplexed 2D views and the plurality of light 
lens is a Fresnel lens. * sources arc arranged to illuminate the at least one respective 

10. An apparatus as claimed in claiml» wherein die screen 5 gp^jj^ Hgjjt modulator in respective different directions 
conqmscs a direction-preserving lenticular screen having a cOTCsponding to the 2D views. 

rear diffusing surface. , . , . , ^ . ^ 17. An apparatus as daimcd in daim 11, whcxdn the at 

11. An amxaratus as daimed in daim 1, wherem the , . . j i * • ^ f« 

Jo^os^c image produdng means con^ises at least ^^«= hght modulator is arranged to di^lay 

Tne sSSt moL^dTplundity 7^ sources lO spatiaUy multiplexed 2D views and c<^opcnites with a 

arranged such that the light sources are imaged at the rcq>ective parallax screen. 

ic^)cctive different regions in the ^jcrture of fee projection 18. An apparatus as daimed in daim 17, wherein the 

lens and the at least one spatial light modulator is imaged at parallax screen comprises a lenticular screen. 

the screen. 19. An apparatus as claimed in claim 11, wherdn the at 

12. An apparatus as daimed in claim 11, in which the 13 i^^x S3>atial light modulator is disposed between an 
autostcreoscopic image producing means comprises a beam lenticular screen and an output lenticular screen whose 
combiner co-operating witii first and second di^lay means. p^^^ ^ greater than that of the input lenticular screen. 

13. An apparatus as claimed in daim 11 wherein the at 20. An apparatus as daimed in claim 1, wherein the 
least one projedion lens comprises first and second projec- autostcreoscopic image producing means comFriscs a sub^ 
tion lenses disposed between the bcain combmcr and the 20 multiplexed image of the views 

first and ^^^y^^Jl^^^^^^ and a ^cu^ s^n. ' ™ ^ 

14. An apparatus as churned in claim 12, wherem each of 

the first and second display means comprises a ^wrtial light ^ *ipi«u*»u» « uauucu iu « 
modulates: and at least one light source. 

15. An apparatus as claimed in claim 13, wherein each of 25 
the first and second display means comprises a spatial light 
modulator and at least one light source. 


lenticular screen is the substrate. 
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